Abstract c-Jun N-terminal kinase-3 (JNK-3) has been identified as a promising target for neuronal apoptosis and has the effective therapeutic for neurodegenerative diseases such as Parkinson's disease, Alzheimer's disease, and other CNS disorders. Herein, we report the essential structural and chemical parameters for JNK-3 inhibitors utilizing comparative molecular field similarity indices analysis (CoMSIA) using the derivatives of 3,5-disubstituted quinolines. The best predictions were obtained CoMSIA model (q2=0.834, r2=0.987) and the statistical parameters from the generated 3D-QSAR models were indicated that the data are well fitted and have high predictive ability. The resulting contour map from 3D-QSAR models might be helpful to design novel and more potent JNK3 derivatives.
Introduction
c-Jun N-terminal Kinase (JNK) are serine threonine protein kinases and members of the mitogen activated protein kinase family (MAPK) [1] [2] [3] . JNK is activated by the dual phosphorylation of the motif Thr-Pro-Tyr located in the activation loop. JNK inactivation can be mediated by serine and tyrosine phosphotases [4] . JNK activate number of targets including members of the activator protein-1 family (AP-1), JunD, c-Jun, Bcl-2 proteins, c-Myc, activating transcriptional factor 2 (ATF2), and p53 [5] . JNK proteins are encoded by three genes, JNK1, JNK2 and JNK3 and at least 10 different splicing isoforms exist in mammalian cells. JNK1 and JNK2 are widely expressed in tissues whereas JNK3 is selectively expressed in brain, heart and to lesser extent to testis [6] . JNK1 plays a key role in linking insulin resistance and obesity and JNK2 plays an important role in autoimmune and inflammatory diseases [7] . JNK3 has been shown to mediate neuronal apoptosis and make inhibiting this isoform a promising therapeutic target for neurodegenerative diseases such as Parkinson's disease, Alzheimer's disease, and other CNS disorders [8] [9] [10] . Therefore, identifying JNK3 inhibitor may contribute towards neuroprotection therapies with reduced side effect risks, and will aid in further understanding of the roles of individual JNK kinases. High homology of the ATP-binding site among JNK's makes it challenging to design isoform specific ATP-site directed inhibitors. Therefore, designing selective ATP competitive JNK [1] [2] [3] inhibitors is still a challenging task. Siddiqui and their coworkers have stressed the importance of selectivity for this target [11] , our in silico analysis might be the promising step to synthesis highly potent and selective JNK3 analogs. The aim of our study is to optimize the reported derivative set (3,5-disubstituted quinolines) synthesized by Jiang [12] and their coworkers. In this study, we have performed three dimensional quantitative structure activity relationship (3D-QSAR) using CoMSIA [13] techniques for JNK3 inhibitors in order to find the common structural features among them. The present work deals with the ligand-based technique based on the atom-by atom matching to generate reliable 3D-QSAR models. We hope that our theoretical results give some useful reference for the experimentalists in the design of novel and more potent JNK3 inhibitors. were taken from the literature [12] . All original IC50 value of each inhibitor was converted into pIC50 (-logIC50) in order to use the data as dependent variable in CoMSIA model. The test set molecule is truly representative molecule for training set molecules. The test set molecule should cover all the biological activity which is similar to the training set molecule. The total set of compounds was divided into a training set consist of 18 compounds and test set consist of 6 compounds. The selection of training and test sets were done manually so that low, moderate, and high JNK inhibitory activities were all represented. The structures and their activity values are displayed in Table 1 .
Ligand-based Alignment Method
In ligand based alignment, the most active molecule was used as template. All rotatable bonds were searched with incremental dihedral angle from 120 o by using systematic search conformation method. Conformational energies were computed with electrostatic term, and the lowest energy conformer was selected as template molecule. Then the template was modified for other ligands of the series. The common moiety was constraint for each molecule and only the varying parts were energy minimized by Tripos force field with Gasteiger-Huckel charge by using conjugate gradient method, and con- vergence criterion was 0.05 kcal/mol at 10,000 iteration. The minimized structures were aligned over template using atom fit option in Sybyl and subsequently this alignment is used for CoMSIA analysis. The aligned molecules are represented in Fig. 1 .
Generation of CoMSIA Field
Sybyl8.1 molecular modeling package is used in this study [14] . The molecular alignment was placed in the 3D grid similar to that of CoMFA analysis. CoMSIA calculated steric and electrostatic fields, in addition to hydrophobic, H-bond donor, and H-bond acceptor fields, and used Gaussian field values. CoMSIA has better ability to visualize and interpret the obtained correlations, in terms of field contributions. A default value of 0.3 was used as attenuation factor
Partial Least Square (PLS) Analysis
The relationship between the structural parameters and the biological activities has been quantified by the PLS algorithm [15, 16] . CoMSIA descriptors used as independent variables and pIC50 values used as dependent variables in PLS analysis for the generation of 3D-QSAR models. To select the best model, the cross-validation procedure was performed using leave one out (LOO) method, in this procedure one compound was removed from the data set and its activity was predicted using the model build from rest of the data set. It gives cross-validation correlation coefficient (q2) and the optimum number of components. Final analyses i.e. noncross-validation was performed to calculate conventional r2ncv using optimum number of components obtained from cross validation method. The cross-validated coefficient, q2 is calculated using below Equation 1.
(1)
Ypredicted, Yobserved, and Ymean are predicted, actual, and mean values of the target property (pIC50), respectively. Σ(Ypredicted-Yobserved)2 is the predictive sum of squares (PRESS) and the lowest PRESS value is used to derive the final PLS models.
Results and Discussion

CoMSIA Analysis
A realiable CoMSIA model was derived with the combination of steric, electrostatic and hydrophobic field contribution and Gasteiger-Hü ' ckel charge method with 2.0 Å grid space. The Leave one out (LOO) anal- (Table 2 ) and further implied that the steric, electrostatic, and hydrophobic factors contribute to the binding affinities. The predictive ability of the developed CoMSIA model was assessed by the test set (six molecules) predictions, which were excluded during CoMSIA model generation. The predictive ability of the test set was 0.648. Predicted and experimental activities and their residual values of all inhibitors are shown in Table 1 , and the corresponding scatter plot is depicted in Fig. 2. 
CoMSIA Contour Map
The CoMSIA contour map was generated based on the ligand-based (atom-by atom matching) alignment method. The CoMSIA result is usually represented as 3D 'coefficient contour' map. It shows regions where variations of steric, electrostatic and hydrophobic nature in the structural features of the different molecules contained in the training set lead to increase or decrease in the activity.
The steric interaction is represented by green and yellow contours, in which green colored regions indicate areas where increased steric bulk is associated with increased activity, and yellow regions suggested that where steric bulk is unfavorable to activity. The steric contour map is displayed in Fig. 3 .
The green steric contour near the R2 position of the phenyl ring indicates that substitution of bulky group is preferred at this position. This may be the reason that compounds 10-18 with bulkier substituent at this position are more active. There was a yellow contour region which was very close to the green contour map in R1 position; the contour map clearly indicated that substitution of bulkier groups would decrease the activity. This may be the reason that compounds 3, and 4 having bulkier substitution shows less activity. The electrostatic interaction is represented by red and blue contours (Fig.  4) , among which blue colored regions show areas where more positively charged groups are favored, and red region highlight areas where groups with more negative charges are favored. These contour maps give us some general insight into the nature of the receptor-ligand binding region.
The electrostatic contour plot shows that there is a blue colored region situated close to the R2 positions. Substitution of electron donating group in para position of R2 phenyl group increases the biological activity. It indicates that the electropositive charges in these regions are very important for ligand binding, and electropositive group linked to this position will enhance the biological activity. The hydrophobhic contour map is displayed in Fig. 5 .
The yellow and white contour map indicates the regions where hydrophobic and hydrophilic groups are preferred, respectively. There were two yellow contours observed near to the R2 position of the phenyl ring. This explains why the substitution of the hydrophobic groups could improve the potency of compounds. These hydrophobic contour maps are correlating well with the steric contour map, and these may the reason that compounds 10-18 shows higher biological activity.
Conclusion
In this work, we have developed a satisfactory 3D-QSAR models from 3,5-disubstituted quinolines derivatives using CoMSIA method based on atom-by-atom matching alignment. The contour map indicated important sites, such as steric, electrostatic and hydrophobic factors can significantly affect the bioactivities of the compounds. The steric and hydrophobic contour map indicated that substitution of bulkier groups in the R2 position of the phenyl ring would enhance the biological activity. In addition to this, the electrostatic contour map shows that the substitution of electron donating group in R2 position could improve the biological activity. Our 3D-QSAR model give the robust information to understand the structural and chemical features which are necessary for designing and finding new potential JNK3 inhibitors. 
